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Abstract-- In the electricity market, electricity prices are 
substantially more volatile than any other commodity price. 
Confronting with this extreme price volatility, more and more 
market participants are recognizing the importance and necessity 
of risk management. This paper introduces some risk 
management techniques which are widely used in the financial 
literature and their applications in the electricity market. These 
techniques include hedging, portfolio optimization, risk 
measurement and asset valuation. Furthermore, this paper also 
introduces several additional techniques of risk management 
which are developed to deal with the specialties of electricity, 
electrical assets and electricity market. Based on the literature 
survey, some suggestions for future work are offered. 
 
Index Terms-- Electricity market, Hedging, Portfolio 
optimization, Risk management 
I.  INTRODUCTION 
lobal deregulation in the electrical power industry in the 
past decade has introduced the concept of a competitive 
electricity market. In this new environment, electricity is 
traded the same way as other commodities. However, because 
electricity cannot be stored and its transmission is limited by 
physical and reliability constraints, electricity prices are 
substantially more volatile than any other commodity price. 
Statistical data of US department of Energy indicates that in 
the US, the average annual volatility of electricity is 359.8% 
while Natural Gas & Petroleum, Financial, Metals, 
Agriculture, and Meat are just 48.5%, 37.8%, 21.8%, 49.1% 
and 42.6% respectively[1]. 
Confronting with this extreme price volatility, market 
participants are facing trading risks, and therefore need to find 
ways to protect their benefits. Especially after observing the 
market anomalies in the US, e.g., the 1998 substantial price 
volatility of Midwest and 2000 California electricity crisis, 
more and more market participants are recognizing the 
importance and necessity of risk management. Nowadays, risk 
management is a hot topic both in power industry and in 
academic community. IEEE PES has organized two tutorials 
on Risk Assessment and Financial Management: one is in 
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1999 winter meeting and the other is in 2002 summer 
meeting. Many other conferences and symposiums have 
devoted time to risk management in the electricity market. 
In what follows, Section II introduces the definition of risk 
and associated risks in the electricity market. Focusing on the 
risk of electricity price, Section III introduces the risk 
management techniques and their application in electricity 
markets. Finally, Section IV draws a short conclusion about 
the status quo of risk management in electricity markets and 
gives some suggestions for future work. 
II.  RISK IN ELECTRICITY MARKET 
In the dictionary, the basic definition of risk is the 
possibility of suffering harm or loss; danger or hazard.  In the 
electricity market, market participants such as Generation 
companies and Distribution companies concern about their 
benefits (quantified with Profits or Returns) which are 
influenced by many uncertain factors such as electricity price, 
production/operation cost, load demand, unit outage, power 
system operation conditions etc. These uncertainties bring 
about the possibility of both improving and decreasing 
benefits. In other words, uncertainty means opportunity and 
risk. In this paper, risk is therefore, defined as the hazard to 
which a market participant is exposed because of uncertainty.  
Trading in the electricity market involves several types of 
risks such as Regulatory Risk, Credit Risk, Liquidity Risk, 
Operational Risk, Delivery Risk, and Price Risk. With the 
consideration of one or several types of risks, some literatures 
have discussed the risk management issue from different 
points of view which include Gencos [2], power systems [3]-
[5], power suppliers [6], [7], consumers [8], marketers [9] and 
resource planning [10]. This paper doesn’t intent to cover all 
the aspects of risk management in the electricity market but 
focuses on the risk management in energy trading with price 
risk into consideration.  
III.  RISK MANAGEMENT 
Risk management is the process of achieving the desired 
balance of risk and return through a particular trading strategy. 
In the financial literature, risk management at least includes 
two aspects: risk control and risk assessment. There are two 
means to control risk. One is “hedging” which is a technique 
to offset particular source of risk [11]. The other means of 
risk control is “diversification”. Diversification means to trade 
energy through different trading approaches. In the energy 
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market, both physical trading approach (e.g. spot market, 
bilateral contract market) and financial trading approach (e.g. 
futures contracts, options, swaps etc.) are provided 1 . A 
combination of these trading approaches is defined as a 
portfolio and corresponding risk-control methodology is 
named portfolio optimization. Therefore, Hedging and 
Portfolio Optimization are two risk-control means/techniques 
for energy trading. 
As for another aspect of risk management, i.e., risk 
assessment, Value at Risk (VaR) is a common measurement 
for the risk exposure of financial portfolios and has been 
applied in electricity market. Furthermore, other methods 
have been proposed to value assets in the electricity market. 
Risk management techniques are summarized in Fig. 1. 
 
Fig. 1.  Risk management techniques 
 
A.  Hedging 
Hedging is buying of a derivative to offset the risk of a 
cash position, which is the amount of energy owned. 
Derivatives are financial instruments (contacts) that do not 
represent ownership rights in energy but, rather, derive their 
value from the value of some other underlying commodity or 
other asset. When used prudently, derivatives are efficient and 
effective tools for isolating financial risk and “hedging” to 
reduce exposure to risk. The most commonly used derivative 
contracts include Forward Contracts, Futures Contracts, 
Options and Swaps etc. 
 
 (a) Forward contracts 
A forward contract is a contract that obligates the holders 
to buy or sell an asset for a predetermined delivery price at a 
predetermined future time [12]. The contract is an over-the-
counter (OTC) 2  agreement between two companies. No 
money changes hands when contract is first negotiated and it 
is settled at maturity. Under a forward contract, one party is 
obligated to buy and the other sell, a specified quantity of a 
specified commodity at a fixed price on a given date in the 
future. At the maturity of a forward contract, the seller will 
deliver the commodity and buyer will pay the purchase price. 
The terms and conditions of forward contracts are not 
                                                          
1
 Physical trading approach refers to the trading approach in which actual 
physical energy are traded while financial trading approach only involves 
financial settlement, no actual physical energy are traded through this approach. 
2
 OTC is a kind of derivatives market in which non-standard products (e.g., 
contracts) are traded. Trades on the OTC market are negotiated directly through 
dealers. 
standardized but are negotiated to meet the particular business, 
financial or risk management needs of the parties to the 
contract. In addition to the ordinary forward contracts, the 
literature has proposed two additional types of electricity 
forward contracts which will be introduced in the section of 
special electricity contracts. 
 
(b)  Futures 
A futures contract obligates each party to buy or sell a 
specific amount of commodity at a specified price. Buyers 
and sellers of futures contracts deal with an exchange, not 
with each other. In contrast to forward contracts, except 
contract price, the exchange standardizes the terms and 
conditions of the futures contracts such as the unit trading 
amount, delivery time and locations etc. In most case, 
physical delivery does not take place, and the futures contract 
is closed by buying or selling a futures contract on or near the 
delivery date. In other words, most futures contracts are used 
as financial vehicles, with no intention of taking delivery of 
the commodity. Less than 2% of futures contracts end in 
delivery [13]. 
In practice, Electricity futures contracts were employed in 
Norway in 1995 followed by the United States and New 
Zealand in 1996 and until now, Norway, Sweden, Finland, 
New Zealand, Australia, and the US have had futures 
contracts for electricity.  
From research point of view, Blackmon [14] first reported 
an interesting initial study on the development of a futures 
market in electrical energy. Tanlapco [15] discussed the basic 
concepts and techniques for hedging of financial risks using 
the futures contracts in an electricity market, and concluded 
that the use of electricity futures contracts is superior to using 
other related futures contracts such as crude oil base on the 
standard deviation or risk of the values of the hedging 
positions. For the policy of selling electricity in the spot 
market, the effect of futures contracts is evaluated in [16]. But 
Collins [17] argues that the current futures market for 
California electricity market is not working, which is part of 
the reason for the well known California electricity crisis, 
because electricity is very much different from other 
commodities to require changes in the delivery process 
specified in the futures contract. In [17], Collins provides a 
simple explanation of the economics of electricity hedging 
and shows why the unique characteristics of electric power 
(i.e., electric power cannot be stored and electricity demand 
varies from minute to minute) make risk management more 
complex than for other commodities. Then he proposes some 
modifications to the futures contract for electric power that 
reflects these unique characteristics. These modifications are 
to cerate contracts which allowed the participants to continue 
resettlement through the delivery month based on some 
established spot market. This could be thought of as delivery 
to a price index. Instead of taking physical delivery of power, 
the participants would agree to make financial transactions 
according to the terms actual average daily spot prices that 
occur during the delivery month. It was demonstrated that this 
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unique resettlement mechanism would make the futures 
contract more useful for hedgers on both sides of the market. 
 
(c)  Options 
An option is a contract that gives the buyer of the contract 
the right to buy (a call option) or sell (a put option) at a 
specified price (the “strike price’) over a specified period of 
time. The right to perform a financial transaction has a 
financial value called a premium. The buyer of the option 
pays a premium for the right (but not the obligation) to buy or 
sell the underlying asset. The underlying asset of an option 
could be stocks, currencies, debt instruments, commodities, or 
futures contracts. 
Whether the option is sold on an exchange or on the OTC 
(over-the-counter) market, the buyer pays for it up front. 
Options are used successfully to put floors and ceilings on 
prices; however, they tend to be expensive due to the payment 
of premium.  
 
(d)  Swaps 
Swaps (also called Contracts for Differences-CfDs) are 
created in part to give price certainty at a cost that is lower 
than the cost of options. A swap contract is an agreement 
between two parties to exchange a series of cash flows 
generated by underlying assets. No physical commodity is 
actually transferred between the buyer and seller. The 
contracts are entered into between the two partners, or 
principals, outside any centralized trading facility or exchange 
and are therefore characterized as OTC derivatives. In the 
Nordic region, CfDs are used to hedge against the difference 
between the two uncertain prices (area price and system price) 
[18], while in the British market, against the difference 
between the spot price and a pre-defined reference price or 
price profile [19]. 
Many of the benefits associated with swap contracts are 
similar to those associated with futures or options contracts. 
That is, they allow users to manage price exposure risk 
without having to take possession of the commodity. They 
differ from exchange-traded futures and options in that, 
because they are individually negotiated instruments, users 
can customize them to suit their risk management activities to 
a greater degree than is easily accomplished with more 
standardized futures contracts or exchanged-traded options. 
Although swaps can be highly customized, the 
counterparties are exposed to higher credit risk because the 
contracts generally are not guaranteed by a clearinghouse as 
the exchange-traded derivatives. In addition, customized 
swaps generally are less liquid instruments, usually requiring 
parties to renegotiate terms before prematurely terminating or 
offsetting a contract. 
 
(e)  Special electricity contracts 
Two additional types of electricity forward contracts are 
proposed in the literature. 
Kaye et al [20] proposed an Updated Forward Contract 
with the contract prices set by the suppliers. Consumers, 
however, can regularly update their contracts before the 
delivery date. This enables the forward contract price to be 
regularly updated as the spot time is approached so that it 
contains the most recent system information. It is 
demonstrated that the contracts are particularly useful for 
coordinating supply and demand side operations decisions 
under spot pricing. They allow inflexible or risk-averse 
participants to lock in a suitable contract price for electrical 
energy and avoid the adverse effects of price fluctuations, 
while not removing the incentives for more flexible 
participants to respond to spot prices. However, this kind of 
contract does not provide information or incentives for 
investment decisions.  
With two financial contractual instruments, futures and 
options, Gedra et al [21], [22] construct Optional Forward 
Contracts which include the callable forward and the puttable 
forward contract. A callable forward contract is a bundle of a 
long, or purchased, forward contract and a short, or sold, call 
option. That is, a consumer who purchases a callable forward 
has purchased a forward contract and then sold a call option 
to the utility. This means that the utility can interrupt the 
consumer’s service by exercising the call option and paying 
the consumer the strike price of the call instead of delivering 
the energy. While a puttable forward contract is a bundle of a 
forward contract and a put option. Thus the electricity 
producer who sells a puttable forward has sold a forward 
contract but has also sold to the utility the right to interrupt 
delivery of the energy, in which case the producer must buy 
back the energy by paying the strike price to the utility. It is 
shown that a market mechanism based on these contracts has 
two useful properties. The first one is obtaining allocative 
efficiency while removing the negative impact of spot pricing 
in risk-averse market participants. The second property lies on 
the information revelation, i.e., market participants can have 
the appropriate incentives to reveal their preferences and costs 
to the agent (utility). This information can be used by the 
utility to predict changes in supply and demand in response to 
a price change, as well as for system planning purposes. 
 
(f)  Instruments Valuation  
Unlike many commodities, electricity is expensive to store. 
As a result, it is consumed the instant it is produced. Standard 
risk management textbooks provide numerous formulas for 
valuation of derivative contracts on storable assets, but none 
of that apply to non-storable commodities. Some researchers 
have made investigation on how to value flexible electricity 
contracts [23] and value standard electricity derivatives [24]. 
 In [23], based on the principle of no-arbitrage, variables 
of the contracts (i.e., contract volume and price) are used to 
determine arbitrage opportunities and the price of contracts. 
In [24], Deng derived prices of various electricity derivatives 
such as futures, forward, call option, cross commodity spread 
option, based on mean-reversion jump-diffusion models of 
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electricity spot price, with the use of Fourier transform 
methods3. 
B.  Portfolio optimization 
A trading portfolio is a combination of all available trading 
approaches. Portfolio optimization refers to optimally allocate 
total trading energy among multiple trading approaches with 
the aim of maximizing participants’ benefits (profits or 
returns) and minimizing the corresponding risk. Except 
simulation with Monte Carlo Method (e.g., [30]), two types of 
methodologies can be adopted to solve the portfolio 
optimization problem: Decision Analysis and Modern 
Portfolio Theory. 
 
(a)  Decision Analysis  
Decision Analysis (DA) [31] is based on the assumption 
that the attractiveness of alternatives should depend on the 
decision-maker’s judgment about the likelihood (probabilities) 
of the possible consequences of each alternative course of 
action and his or her preference for the possible consequences 
of each action. What makes DA valuable is the formal 
incorporation of these factors into the analysis of a problem. 
Subjective probability, the incorporation of data, experts’ 
knowledge, models, and so on are used to quantify judgment 
about the likelihood of various consequences. Utility theory is 
used to quantify consequences.  
In the decision model, generally, two types of formats, 
namely the decision matrix and the decision tree are used to 
represent all the available information in a compact and clear 
form, which would enhance the understanding of the problem 
and facilitate making the best decision. The decision criterion 
used most widely is the maximum expected-monetary-value 
(EMV) criterion. Suppose that ijd  denotes the monetary gain 
of the jth consequence associated with alternative i and that 
ijp  is the corresponding probability; then the expected 
monetary gain of the ith alternative is ( )i ij ij
j
E A p d=
∑
. The 
optimal alternative according to this max EMV criterion is the 
one whose monetary value is ( ) maxopt ij iji jd A p d= ∑ . 
The DA approach has been applied in some investigations 
on portfolio optimization. For example, in [32], [33], DA is 
used for a Generation company to make transaction schedule 
such as contact selection. Siddiqi [34] applied the DA to a 
long-term management of power portfolio. 
The disadvantages of the DA lie in two aspects. Firstly, 
DA does not explicitly consider decision-makers’ risk 
aversions. Secondly, it does not take into consideration the 
correlation among alternatives, therefore, provides no 
approach to risk control/mitigation. These disadvantages of 
the DA are just the advantages of the Modern Portfolio 
Theory.  
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 Actually, the key to value electricity flexible contracts and standard 
derivatives is modeling electricity spot price. A significant amount of literature 
has emerged on this topic [23]-[29]. 
 
(b)  Modern Portfolio Theory 
The Modern Portfolio Theory (MPT) [11], [35] is 
principles underlying analysis and evaluation of rational 
portfolio choices based on risk-return trade-offs and efficient 
diversification. In other words, MPT is an approach to 
measuring the risk of an asset, quantifying trade-off between 
risk (properly measured) and expected return, and finally 
forming an optimal portfolio of assets. In the MPT, the risk of 
an asset is measured with the variance/standard deviation of 
its return; the trade-off between risk and expected return is 
quantified with a utility function, i.e., ( ) 20.5U E r Aσ= − , 
where ( )E r and 2σ are the expected value and variance of a 
portfolio’s return respectively; A  is an index of the decision-
maker’s risk-aversion; U  is the utility value of the portfolio. 
A portfolio with the highest utility value is the optimal 
portfolio. 
MPT has been widely used in the financial literature for 
portfolio selection. In the literature of electricity market, it has 
been applied to solve the allocation of trading energy aim at 
maximizing profit and minimizing associated risk. In [36], Liu 
proposed a layered framework of risk management for energy 
trading by Generation companies in which MPT is adopted 
for energy allocation among physical trading approaches.   
C.  Risk measurement 
In the financial literature, one of the popular techniques of 
risk measurement is Value at Risk (VaR). The Global 
Derivatives Study Group, a former promoter of VaR, defines 
VaR as “the expected loss for an adverse market movement 
with a specified probability over a particular period of time.” 
Essentially, VaR is a monetary value that the portfolio will 
lose less than that amount over a specified period of time with 
a specified probability. For example, a one-day 95% VaR of 
$500,000 indicates that the portfolio is expected to lose 95 
days out of 100 days an amount less than $500,000. Therefore, 
one reason for the rapid acceptance of VaR as a risk 
measurement tool is that it provides a measurement of the 
maximum change in value of a portfolio over a set time frame 
to a given certainty assuming normal market conditions. The 
VaR value represents a statistical estimate of the frequency 
distribution of changes in value of a portfolio for a desired 
time range based on historical data [37]. 
There are numerous methods to calculate VaR. These 
methods use different assumptions and techniques, since VaR 
calculations are very sensitive to assumptions and data. 
Although there is little consensus on the preferred method of 
VaR calculation, widely accepted methods include Historical 
Methods, Historical Simulation Approach, Analytical 
Methods and Monte Carlo Simulation [31]. The Gloriamunidi 
web site [38] contains a wealth of information on the various 
models currently in use. 
As for the application of VaR in electricity market, the 
chapter ten [39] titled “Value at Risk for Power Markets” by 
K. Leong and R. Siddiqi establishes a framework for using 
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VaR to quantify the risk of a single electricity contract and 
then of a portfolio of contracts. This formulation assumes, in 
part, that fundamental price follows a normal distribution as 
opposed to a mean-reverting process. R. Dahlgren et al [40] 
claimed that there are differences between a VaR calculation 
for a single electricity contract using the centrally cleared 
market dispatch rules and a VaR calculation using only 
historical price clearing data, with a 5-bus example from the 
PJM training system. Denton et al [41] discussed the 
application of VaR in intermediate term risk management of 
generating plants. While Dahlgren et al [2] demonstrated how 
to use VaR to value a trading portfolio with an example of 
electricity market scenario (VaR is calculated with historical 
data method). 
D.  Asset valuation 
In the literature, electricity asset valuation is mainly 
focusing on the valuation of generation plants [41], [42]-[44]. 
Two approaches have been proposed: financial option model 
[42] and real option model [43], [44]. 
 
(a)  Financial option model 
A power plant converts a particular fuel to electricity. This 
conversion involves two commodities with different market 
prices. Therefore, owing a power plant can be regarded as the 
electricity price less the product of the heat rate associated the 
generator and the fuel price. When the electricity price is high 
but the fuel price is low such that their ratio is greater than the 
unit’s heat rate, the power plant should run to capture the 
profit due to the price spread, and vice versa (since the power 
plant profits more, when the spread is greater, it is a call 
option in this sense).  
Deng [42] proposed a Spark Spread Options based model 
to value generation assets. Firstly, a methodology for valuing 
electricity derivatives by constructing replicating portfolios 
with futures contracts and the risk free asset is presented; 
Then, the methodology is used to derive valuation formula for 
spark spread options when the prices of the underlying assets 
follow either geometric Brownian notion or mean reverting 
processes; Finally, the valuation result was in turn used to 
construct real options based valuation formula for generation 
assets. 
However, this Spark Spread Options based model fails to 
represent the non-linear heat rate characteristics of different 
generating equipment and requires an average heat rate 
representation. In other words, the model fails to consider the 
physical constraints on unit operations as well as associated 
costs – rate limits, cycle times, start up costs, and limits on 
total unit cycles in a maintenance period. As a result, [41] 
argued that Spark spread models usually “overvalue” a plant 
by 10-30%. When used to value an asset for long term 
financing, they can produce overly optimistic valuations. 
 
(b)  Real option model 
Real option model takes unit commitment constraints into 
consideration. The valuation problem of power plants is 
formulated as a multi-stage stochastic problem. For the short-
term valuation on generation asset, this dynamic stochastic 
problem is solved with Monte Carlo simulation method in 
[43]. For long-term (e.g. multi-year) valuation problem, [44] 
adopts the Multi-level trinomial tree-trinomial forest-
methodology. 
IV.  CONCLUSION 
This paper introduces the risk management techniques 
which are adopted in the electricity market. From the 
literature survey in this paper, we see that a significant 
amount of literature focused on (1) the hedging of spot price 
risk with individual instruments (e.g., forward contracts, 
futures contracts etc.) and instruments pricing; and (2) risk 
measurement of portfolios and generation assets valuation. 
Very few researches have been directed towards portfolio 
optimization. From risk management point of view, a system 
which incorporates risk control and risk measure is preferred. 
Ref. [36] has made the first step in this area using the Modern 
Portfolio Theory and Value at Risk. Further works are needed 
to investigate how to synthetically apply these financial 
techniques to the risk management in electricity markets and 
further develop specific techniques which are applied to 
electricity markets. 
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